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Seasonal Chlorophyll Change in a Leafy Liverwort
RICHARD L. ANDERSON* and EDWARD FLACCUS * *
ABSTRACT - It is known that chlorophyl'I content of plant material varies with the season of the
year, though the fact is sometimes lost sight of in studies of particular plant communities. Measurement of seasonal changes has been more often done with higher plants: e.g., Compton and
Boynton (1945), Bordeau ( 1959). But Myiata and Hosokowa (1961) studied these c1-ianges in
epiphytic mosses as correlated with photosynthetic efficiency.
This paper reports on a study made during 1963-1964 of the chlorophyll content of the leafy
liverwort, Scapania nemerosa (l.) Dumort, measured at monthly intervals for a period of one year.
This plant material was especially suitable because pure strands of it, growing on a cliff in Duluth,
Minn., were accessible at a'II seasons.

Variation in chlorophyll was recorded on a monthly
basis for a species of leafy liverwort, Scapania nemeroda (L.) Dumort, in the Hartley Tract in Duluth.
Chlorophyll content was determined spectrophotometrically, using a Bausch & Lomb Spectronic 20. Results are
expressed on a dry weight basis. Fresh weight to dry
weight ratios and chlorophyll a/ b ratios also were calculated and are reported . Chlorophyll content was high
in late summer and again in late winter, with minimum
values in fall and late spring. The chlorophyll a/ b ratio
is approximately 1: 1 throughout the year.
Materials and Methods
The plant material was collected from two patches on
a rock cliff in a cool northwest-southeast ravine about
1.7 miles from the University of Minnesota Duluth campus. This cliff has a north-northeast exposure and is more
or less shaded by a mixed stand of yellow birch, white
birch, fir, cedar, aspen, and white pine, plus some black
ash and white spruce. The sample collected each month
was a random composite from the two patches, using a
grid and random numbers. Most collections were made
between 0700 and 0800 hours in order to hold diurnal
variation to a minimum. The collected material was put
immediately into plastic bags, sealed in an opaque container, and taken directly to the laboratory.
At the laboratory, excess water was removed from the
plants by gentle blotting until no moisture marks appeared on the blotting paper. Green material was then
separated from the lower, non-green sections by clipping
off the non-green portions, which were discarded.
The green material was then divided into three portions. One was used to determine fresh-weight/ dryweight ratios. It was dried at 105 ° C. to constant weight
( about two hours). The other two portions were used to
make duplicate chlorophyll determinations.
Chlorophyll determination was by spectrophotometer,
using a Bausch & Lomb Spectronic 20 with a red filter.
The method used was that of MacKinney ( 1941) as
modified by Amon ( 1949), involving reading the opti* Richard L. Anderson, a 1964 graduate of the University of
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cal density of an 80 per cent acetone solution of chlorophyll at 645 mu and 663 mu, and calculating chlorophyll
content by substitution in Arnon's formula, using the
coefficients supplied. The extraction was done by grinding with sand and acetone, filtering, and then making the
filtrate up to 100 milliliters of 80 per cent acetone solution. The extraction and determinations were done
promptly after the material had been gathered. If there
was any delay, the material was kept in its opaque container in a refrigerator to minimize enzymatic breakdown
of the chlorophylls.
Since the formula used gives results as milligrams per
liter of solution, the results calculated were divided by
ten to adjust to the 100 milliliter solutions used. By using
the fresh weight and the fresh-dry weight ratio, the results were recalculated by proportion on a basis of milligrams chlorophyll per gram dry weight, and are so reported. It was assumed that the liverworts, like other
Bryophytes, would show considerable variation in water
content over short time spans. Consequently, the authors
felt it best to express chlorophyll content on a dry weight
basis. Dates of determinations were: August 21, September 24, October 19, November 15, December 20, January 18, February 22, March 23, April 18, May 16, June
18, and July I 0.
Results
Figure IA graphs the results as milligrams of chlorophyll per gram of dry weight. The fresh / dry weight ratios are given in Figure lB . The formulas of Amon
( 1949) also permit calculation of the chlorophyll a/ b
ratios. These appear in Table 1. No marked seasonal
trend in a/ b ratios is evident.
Figure lA indicates two periods of high chlorophyll
content during the year. These are in July-August and
January-February-March. The periods of low chlorophyll content are October-November and April-MayJune. An examination of Figure lB will show that the
times of high chlorophyll content approximately coincide
with periods when the plants were driest.
Discussion
The curves (Figure 1) show a tendency toward inverse relationship between chlorophyll content on a dry
weight basis and the fresh/ dry weight ratio. That is, .
chlorophyll was at maximum values when plants were
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TABLE

I. Ratios of chlorophyll,. to chlorophyll,. (C,/C,,)

AUGUST . . . ... . .... 1.099
SEPTEMBER .... . ... 1.141
OCTOBER ... . . . ... . 1.025
NOVEMBER . . .. . . . . 1.090
DECEMBER .. .. ..... 1.008
JANUARY .. ... .... . 1.147

FEBRUARY . .. .... . . 1.001
MARCH .. .... . . . .. . 1.13 I
APRIL .... ...... . . .. I. I 68
MAY ... . ..... . . . . .. 1.079
JUNE . . . . ..... ..... 1.108
JULY .. .. .. . . . . ..... 1.088

(A)
4,0 0

l . 50

or, 3,00

-;;:E

driest; i.e., in late summer and late winter. It is not possible to say that there is any direct inverse relationship.
The two may be responding in opposite ways to the same
factor or group of factors , which may be the same or
different. That the relationship probably is not direct was
further indicated by four determinations made in September, in which chlorophyll showed a positive correlation wth fresh / dry weight ratio, although values are not
reported.
One interesting feature of our results is that they reveal two periods of high chlorophyll and two periods of
low chlorophyll. This differs from the results of Miyata
and Hosokowa ( 1961) with epithytic mosses in Japan.
They found a steady buildup to and decline from a single
period of high values ranging from October to December, depending on species. Bordeau (1959), working
with two species of spruce trees in New York State plantations ,found a steady buildup through the summer to a
peak in early October, then a decrease to a fluctuating
level for the rest of the year. Compton and Boynton
( I 945) found that chlorophyll increased rapidly from
the end of May to early July, then remained high until
late September, after which it declined. They were, of
course, limited to the foliage-bearing period, May to October.
Our chlorophyll a/ b ratios ( close to 1: I) are interesting since higher plant ratios are usually between 2: 1
and 3: I.
The stability of the instrument used (Spectronic 20)
is believed to be acceptable on the evidence that (I) repeated readings gave good agreement, (2) variations between duplicate samples were relatively small, ( 3) a test
absorption spectrum run on a sample at 45 different
wave-lengths between 385 mu and 685 mu gave a smooth
curve of the expected form . Whether absolute amounts
can be compared with absolute amounts recorded by
others using the same method but different instruments
(e.g., Beckman spectrophotometers) is a different question. While our amounts fall in a generally expected
range of magnitudes, they probably should not be compared directly with those of other studies. Need for caution is indicated by Whittaker and Garfine (I 962), who
found significant differences among results from different Beckman DU and DK spectrophotometers used on
the same sample, due to small departures from adjustment.
Our results are probably internally reliable and, therefore, satisfactorily indicate seasonal change in the species
with which we worked .
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FIGURE I. (A) Absolute amounts of chlorophyll in milligrams per
gram dry weight. Vertical bars represent range of two determinations which were averaged.
(B) Fresh weight to dry weight ratios.
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